Ossification of the posterior longitudinal ligament (OPLL) in the cervical spine and related neurological complications are not uncommon in East Asian countries. The estimated prevalence of cervical OPLL-related hospitalization is 7.7 per 100,000 person-years in Taiwan, and higher incidence rates have been observed in elderly and male patients. Although cervical OPLL is frequently insidious, it can eventually cause myelopathy and predispose patients to spinal cord injury (SCI). There are multiple options for managing cervical OPLL, ranging from observation to many kinds of surgical procedures, including posterior laminoplasty, laminectomy with or without fusion, anterior corpectomy with or without instrumentation, and circumferential decompression and fusion. None of these surgical approaches is free of complications. However, to date, there is still a lack of consensus regarding the choice of the surgical approach and the timing of surgical intervention. Cervical SCI and related neurological disabilities are more likely to occur in OPLL patients, who should therefore be cautioned regarding the possibility of a subsequent SCI if treated without surgery. This article aimed to review the prevalence, management strategies, and prognosis of cervical OPLL.
INTRODUCTION
Ossification of posterior longitudinal ligament (OPLL) in the cervical spine and related neurological complications are not uncommon in countries of Eastern Asia, including Korea, Japan and Taiwan. In contrast, in among Caucasian population, cervical OPLL is a rare disease that, nevertheless, can cause cervical radiculopathy and myelopathy of varying severity.
1 Literature from Japan had the earliest description of the disease, as well as much discussion regarding the management of cervical OPLL with posterior laminoplasty. However, due to the rarity of the disease per se and various severities of neurological function upon presentation, the natural disease course of cervical OPLL remains elusive. 2 Therefore, it remains controversial among experts as to whether surgery is necessary, what is the optimal timing of intervention, and how should the surgical approach reach maximal safety. The classic debates of surgical approaches to cervical OPLL have been between the advocates of anterior versus posterior approaches. [2] [3] [4] [5] The anterior approaches, including single and multiple levels of corpectomy, oblique corpectomies, or floating of the egg-shelled OPLL, were usually more technically demanding. Since these anterior approaches could directly decompress the spinal cord, one would often expect more neurological improvement than observation or posterior approaches. 5 Howev-and morbidities. For examples, dysphagia, hoarseness, cerebrospinal fluid leakage and subsequent pseudomeningocele, excessive epidural hemorrhage, spinal cord injury (SCI) and neurological deterioration were not uncommon in the anterior approaches. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] In contrast, the posterior approaches were easier, safer, and could cover multiple segments at once. Typically, multilevel posterior laminoplasty or laminectomy could be carried out for long-segment cervical OPLL with low rates of surgical complications. 5, 16 There were modifications of posterior laminoplasty, including French-and single-door, with and without implants. Moreover, there were also surgeons who performed laminectomies with lateral mass or pedicle screw fixation in these OPLL patients. There were pros and cons for all these surgical approaches in the management of cervical OPLL. Each of the approaches had its own limitations and could sometimes be staged or combined. The aim of this report was to review the authors' studies in the past decade, focusing on the updated information of cervical OPLL. Epidemiology studies of OPLL in Taiwan and experiences of new surgical modalities, including the technology of cervical disc arthroplasty, were summarized to reflect the current management of OPLL in Eastern Asia.
INCIDENCES OF OPLL IN TAIWAN
Although OPLL is apparently more common in countries like Korea, Japan, and Taiwan than the Western countries, it is still far less frequently encountered than other degenerative spinal disorders. Also, along the entire spine, the cervical region was the most common site of development of OPLL. 1 However, estimation of the incidences of cervical OPLL remained difficult and was not adequately reported in the literature, because cervical OPLL had various presentations. Many of the cervical OPLL would not become symptomatic until it became massive and caused severe spinal cord compression. Owing to the advancement of technology in neuroradiology, the degree and extent of cervical OPLL can be depicted by computed tomography (CT) and magnetic resonance imaging (MRI) at an earlier stage than decades before. Nonetheless, estimation of the incidences of cervical OPLL would largely depend on the definition of OPLL (e.g., symptomatic or asymptomatic).
The largest cohort of OPLL so far was reported by Wu et al. 1 in 2011. The study included a series of patients with cervical OPLL during a span of a decade for investigation of the incidence, prevalence, hospitalization, and surgical treatment. In the large cohort of this Taiwanese or Chinese population, the incidence of cervical OPLL-related hospitalization was 6.1 per 1,000,000 person-years, and its prevalence rate was 7.7 per 100,000 person-years. Higher incidences were observed in elderly and male patients, which imply the degenerative nature of the disease. After adjustment for demographics, the incidences and trends of OPLL-related comorbid disability were associated with age and surgical approaches. The study utilized the National Health Insurance Research Database (NHIRD), provided by the National Health Research Institutes of Taiwan, which is a national database containing the records of over 25 million people of Taiwan. The national health insurance of Taiwan, run by the government, features an extremely high coverage (over 99% of the population), and yields an unique system that finances healthcare for the entire population and offers unrestricted access to any healthcare provider of the patients' choice. Therefore, the statistics gathered represented a sound epidemiologic investigation of incidences of diseases and utilization of medical interventions because of universal coverage. All other previously reported prevalence rates, varying from 0.1% to 4.6% in different ethnic groups including Caucasians and Japanese, were largely calculated from institutional radiographic databases. These radiographic prevalence rates might be influenced by the population included for sampling, and should not be considered representative of the endemic reality. The data from all patients, whether or not symptomatic, who underwent imaging studies of the cervical spine for various reasons in certain institutions, inherently had selection bias. The selection bias from institution-based data becomes more prominent considering the rarity of the disease. 
CSM, OPLL, AND SCI
Cervical spondylotic myelopathy (CSM) causes spinal cord dysfunction of various degrees and can be associated with multiple pathologies, including herniated intervertebral discs, hypertrophy of ligamentum flavum, and OPLL. 17 The optimal timing and strategies for management of CSM remain uncertain and debatable in neurosurgical practice. 18 Since spondylosis and stenosis that cause neurological dysfunctions might not be reversible, some surgeons would suggest early surgery for patients with CSM to ameliorate the risk of SCI. 17, [19] [20] [21] [22] [23] [24] [25] To date, there are insufficient data to correlate CSM with SCI, and whether or not the risk of SCI can be altered by surgical intervention remains elusive. Furthermore, surgical treatment for OPLL that causes severe CSM is challenging because resection of OPLL is often difficult and might be associated with serious complica-www.e-neurospine.org 35
tions. Strategies to manage CSM with OPLL are thus diversified and the timing of intervention is quite debatable, especially when the symptoms are mild. Wu et al. 17 conducted a study in Taiwan, which included 14,140 CSM patients, to analyze the incidences of CSM as well as the subsequent risks of SCI. They used the NHIRD, the comprehensive nationwide cohort, with a total observation period of more than 12 years. During the follow-up, CSM caused hospitalization at a rate of approximately 4 per 100,000 person-years. As expected, higher incidences of the relatively severe CSM that required hospitalization were found in the elderly and male population. Furthermore, the subsequent incidences of SCI in these patients with CSM were as high as 12.33 per 1,000 person-years, and cervical SCI was approximately 1.5 times more likely to happen among CSM patients who were managed without surgery than those who had surgery. They concluded that patients with CSM treated conservatively should be cautioned for subsequent SCI. The report, which was the first study focused on the epidemiology of CSM on a national scale, highlighted the importance of surgical intervention in patients of SCM. Moreover, as previously reported, CSM was more commonly seen in older male patients. 26 This was similar to previous reports that demonstrated higher incidences of cervical OPLL, as a known cause of CSM, observed among elderly and male patients. 1 These results implied the degenerative nature of both CSM and cervical OPLL. Chen et al. 4 published a study using the national database of Taiwan to evaluate patients with CSM and OPLL and subsequent risks of SCI. The study aimed to analyze the incidences of subsequent SCI in patients with CSM. The differences in risk of SCI were compared between patients with CSM not only with and without OPLL, but also with and without surgery, respectively. The overall incidence of SCI in these CSM patients was 2.0 per 1,000 person-years. Patients who had CSM with OPLL and were conservatively managed had the highest incidence of SCI at 4.1 per 1,000 person-years. Patients who had CSM with OPLL and were surgically managed had a lower incidence of SCI at 3.7 per 1,000 person-years. Patients who had CSM without OPLL and were conservatively managed had an even lower incidence of SCI at 2.4 per 1,000 person-years. Patients who had CSM without OPLL and who were surgically managed had the lowest incidence of SCI at 1.3 per 1,000 person-years. The paper demonstrated that SCIs were significantly more likely to happen in patients of male gender and with OPLL. Surgery could significantly lower the risk for approximately 50%. The report then concluded that patients with CSM had an overall incidence rate of SCI at approximately 0.2% per year. The male gender, coexistence of OPLL, and conservative management were twice as likely to cause subsequent SCI. Surgery was therefore suggested for male CSM patients who also had cervical OPLL.
MANAGEMENT OF OPLL
There was little controversy on surgical treatment for patients with severe CSM caused by OPLL, despite that various surgical approaches that had been proposed effective in improving neurologic functions. [27] [28] [29] [30] [31] To rescue neurological dysfunctions, these surgeries were deemed necessary, though some of the operations could cause complications. The most commonly debated issue among neurosurgeons was whether surgery should be indicated when the OPLL caused minor symptoms or mild CSM. Usually the OPLL in the cervical spine developed gradually and remained insidious until it caused significant spinal stenosis and when the myeloradiculopathy became bothersome. When the OPLL became symptomatic, the pressure exerted onto the spinal cord by the pathologically calcified ligament and subsequent neurological dysfunction might be rapidly progressive and irreversible. [32] [33] [34] However, it is not uncommon for OPLL patients with spinal stenosis to remain myelopathy-free for a long period of time. 35, 36 Thus, there were reports advocating no surgery for asymptomatic or mildly symptomatic patients despite markedly evident cervical OPLL as demonstrated by CT or MRI with radiographic evidence of myelopathy. 35, 37 In contrast, there were studies associating SCI to the presence of OPLL [38] [39] [40] and some authors advocated early surgery for better neurologic recovery. 41, 42 In summary, the optimal timing of surgical intervention for intact spinal cord function or mild myelopathy caused by cervical OPLL has remained controversial in the past decade. Whether the chance of SCI was increased if asymptomatic or mildly symptomatic OPLL was managed conservatively has been inferred but never elucidated in a controlled study. Cervical SCI and related disabilities are more likely to happen in OPLL patients, who should be cautioned for subsequent SCI if treated conservatively. 2 Wu et al. 2 published another study to address such an issue of OPLL management and risks of subsequent SCI. The study used a comprehensive national database to investigate the incidence of SCI in 265 patients who had cervical OPLL that was managed without surgery. These conservatively managed cervical OPLL patients were compared to 5,339 of age-and sex-matched controls after adjustment for comorbidities that may predispose to SCI, including osteoarthrosis, osteoporosis, rheumatoid arthritis, and scoliosis. When com-pared to those matched non-OPLL controls, these nonsurgically managed OPLL patients had significantly higher rates of subsequent SCI. The adjusted hazard ratios were 32.2 for hospitalized SCI and 104.8 for disabled SCI. The remarkable disparity in the risk of subsequent SCI can be valuable in choosing management strategies for OPLL patients.
SURGICAL STRATEGIES FOR CERVICAL OPLL
The surgical strategies for cervical OPLL, including the anterior-only approach, posterior-only, or combined anterior-andposterior, has been a classic topic for debate in neurosurgery. Each of the approaches has its advantages as well as disadvantages and should be tailored to each individualized condition. In this article, we aimed to summarize the authors' experiences with several published papers that addressed patients with cervical OPLL.
Most of the complications, such as transient hoarseness and dysphagia, of the anterior cervical approach were self-limiting and patients usually recovered after a few days or weeks. Although frequently recovered spontaneously after months, temporary C5 paresis or palsy involving the deltoid and/or biceps brachii muscles could cause a lot more disappointment for the patients. This could occur following either anterior or posterior cervical spinal surgery, in patients with and without OPLL. The actual etiology, risk factors, and prognostic factors for the temporary C5 palsy remain uncertain to date. The incidence was frequently reported in a series of cervical decompression surgery to range from 0%-17%. [43] [44] [45] Both anterior cervical corpectomy and fusion (ACCF) and laminoplasty are accepted procedures to treat cervical stenosis and OPLL. 5, [46] [47] [48] [49] In the literature, there were more reports of C5 palsy with posterior cervical decompression surgery than with anterior cervical surgery, 44, [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] though both anterior cervical discectomy and fusion and ACCF could also be associated with postoperative C5 palsy. [43] [44] [45] 64, 65 Despite the knowledge that a C5 palsy is a risk of either procedure, the relative risk of C5 palsy with anterior versus posterior surgery remains uncertain, especially when OPLL is involved. Mummaneni and colleagues 17, 36 conducted a retrospective review of 31 ACCF (at C4 or C5) and 31 instrumented laminoplasty cases performed to treat CSM, including those with and without OPLL. 5, 16 The demographics of the 2 groups were similar except that the ACCF group was younger by approximately 9 years. The mean number of levels treated was higher in the laminoplasty cohort compared to the ACCF cohort. During the mean clinical follow-up of 14 months, there was no statistical difference between the complication or reoperation rates between the 2 groups. There were a total four C5 nerve root paresis (2 in each group), and 3 patients recovered deltoid function within 18 months. The authors concluded that both the ACCF and laminoplasty were effective treatments for patients with CSM, and there were no differences in the rate of deltoid paresis between ACCF and laminoplasty to treat cervical stenosis. However, the severe deltoid paresis patients required a longer time to recover than did the mild ones. The study published by Mayer et al. 5 demonstrated that laminoplasty was an effective treatment for CSM caused by either degenerative spondylosis or OPLL. In the study, laminoplasty patients with segmental OPLL had similar perioperative parameters to patients with degenerative spondylosis but not OPLL. Perioperative complications and reoperations were fewer in the OPLL group, although the degenerative spondylosis patients had better neurological outcomes than the OPLL group. Patients with degenerative spondylosis or segmental OPLL maintained most of their baseline dynamic cervical spine motion after laminoplasty. Thus, laminoplasty seemed to be an effective strategy for preservation of segmental motion in patients with CSM caused by OPLL. Since degenerative stenosis and OPLL were 2 common causes of CSM, the study postulated that patients with OPLL have more complications and worse outcomes than those with degenerative stenosis. The study also compared the outcomes of 40 instrumented laminoplasty for CSM patients due either to degenerative changes or to OPLL. Over 4 years, 12 patients with degenerative cervical stenotic myelopathy were compared to the remaining 28 patients with segmental OPLL. The degenerative stenosis group had a better mean preoperative Nurick score than the OPLL group. Postoperatively, the degenerative group had more complications but a greater improvement in Nurick scores compared with the OPLL group. The other parameters (blood loss, length of stay, VAS neck pain scores, and range of motion) were similar for both groups. Therefore, the authors concluded that laminoplasty appears to be an effective method of treatment for cervical stenosis due to either degenerative changes or OPLL. Although this was a series of a relatively small number of patients, the demonstrated results were compatible with many other reports that advocated posterior decompression for cervical OPLL. Anterior cervical approaches, including corpectomies and discectomy, were also valid strategies in the management of cervical OPLL. 3 For short segment OPLL with multilevel CSM, the construct of hybrid cervical disc arthroplasty (CDA) and ACCF seemed to be a reasonable option as it not only allowed preservation of segmental mobility but also provided thorough decompression of the OPLL. For instance, Chang et al. 3 published a series about CSM patients who had multilevel (≥ 3 levels) CSM that consisted of dual pathology (segmental OPLL and spondylosis or herniated discs) in the subaxial cervical spine. A hybrid surgical strategy ACCF for segmental OPLL and CDA for disc herniation or spondylosis was applied. Even though the number of patients included in the current study was relatively small (n = 15), these patients all did very well during the follow-up of approximately 18 months. The standard clinical outcomes (VAS, NDI, JOA, and Nurick scores) all had significant improvement. The hybrid construct also worked out well with intended function, as all the ACCF achieved arthrodesis, while all the CDA demonstrated dynamic motion on lateral radiographs after 1 year. Thus, the study demonstrated that multilevel CSM caused by segmental OPLL and spondylosis could be managed successfully by hybrid surgery of ACCF and CDA. The clinical and radiological outcomes were satisfactory. Furthermore, although located next to each other, the instrumented ACCF construct and CDA still achieved solid arthrodesis and preserved mobility, respectively. Therefore, hybrid surgery may be a reasonable option for the management of CSM with OPLL. For continuous-type OPLL in the cervical spine, the authors recommended circumferential decompression and fusion, including laminectomies and corpectomies. By posterior multilevel laminectomy, the dural sac could achieve substantial decompression and shift backward. This maneuver could also create more space for anterior decompression, for example ACCF, and thus made the anterior approach safer. Furthermore, the multilevel posterior decompression could save the need for extensive anterior decompression. In addition, the instrumented laminectomy (with lateral mass or pedicle screw instrumenta- Preoperative sagittal images of T2-weighted magnetic resonance images (MRIs) and
www.e-neurospine.org 39 tion from the posterior) could provide remarkable strength of stability, when combined with anterior cervical plates and screws. For such a strategy of a combination of long segments of posterior laminectomy and fusion with anterior corpectomies or discectomies and fusion, less extensive anterior resection of long continuous type of OPLL yielded acceptable outcomes in our institute. For example, a 61-year-old male patient presented with progressive deteriorating neurological function, which included clumsiness with his hands, lower limb weakness, and claudication for 4 months. His MRI demonstrated multilevel stenosis, and the CT clearly depicted the extensive continuous OPLL from C2 down to C6. (Fig. 1A, B) The patient was consented and taken to the operating room for circumferential decompression and fixation (Fig. 1C) . The patient' s hand dexterity improved significantly after the surgery, and his lower limb muscle powers got almost complete recovery. The MR taken postoperative 1 year also demonstrated fully decompression of the OPLL at C3-6 (Fig. 1D) .
CONCLUSION
Cervical OPLL has a higher prevalence rate in East Asian countries than in the Western world. Typically, the higher incidences were observed in the elderly and male patients. Symptomatic patients with OPLL, and those who have CSM, should be cautioned if managed without surgical decompression, because the OPLL and CSM could deteriorate and the myelopathy might not always be reversible, and may predispose SCI. Surgical options for OPLL included ACCF for short and segmental OPLL, laminoplasty for long continuous cases and with kyphotic deformity, and combined in severe long continuous cases of OPLL. However, the best timing of intervention, and the optimal surgical strategy for the patients who have only minor symptoms remains controversial. Longer term follow-up and investigations of the natural history of OPLL are thus needed.
